. Primers used in this study. Table S2 . Plasmids used in this study. Table S3 . Strains used in this study. Table S4 . Probes used in this study and their performance during reactions. Figure S1 . Extracted ion chromatograms for the production of compounds 1 and 2 in the engineered E.coli. Figure S2 . LC-HRMS analysis of the fluorogenic bioorthogonal reactions with cell-free supernatants of XZ1, and negative controls. Figure S3 . Linear detection ranges using different amounts of 4. Figure S4 . Efficiencies in the production of 1 from the engineered E.coli. Figure S5 . SDS-PAGE analysis of membrane fractions of the engineered E. coli. Figure S6 . Modeled structures of JamB, JamC, and JamB-JamC complex. Figure S7 . Sequence alignment of TtuB, CamB, and JamB. Figure S8 . HR-MS of 1, 2, 7.
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Supplementary methods Ep-PCR and Construction of Mutant Library. Ep-PCR procedure was modified from established protocols 1 . The reaction consisted of 0.35 mM dATP, 0.4 mM dCTP, 0.2 mM dGTP, 1.35 mM dTTP, 1.5 mM MgCl2, 1.5 mM MnCl2, and 1 U Taq polymerase. The reaction mixture was submitted to 25 cycles of PCR: 95°C for 1 min, 50°C for 1 min, and 68°C for 1 min. The resulting PCR products were digested with DpnI, then Gibson assembled into pXZ44 that was pre-digested with NdeI/XhoI. The Gibson mixture was desalted, co-transformed with pXZ27 to electro-competent BAP1 strain, and plated on LB agar containing 100 μg mL -1 carbenicillin and 100 μg mL -1 spectinomycin.
Mutagenesis of JamB. Site-directed mutagenesis were performed using the standard QuikChange strategy using relevant templates. To make JamB with CamB N-terminus substitution, the first 4 amino acids of JamB were deleted. To make JamB with TtuB N-terminus substitution, the first 4 amino acids of JamB were replaced with the first 15 amino acids of TtuB. All mutations were verified by DNA sequencing.
Culture Conditions. For quantification platform set up or identified JamB mutant verification, engineered BAP1 strains were grown in LB medium with 100 μg mL -1 carbenicillin and 100 μg mL -1 spectinomycin at 37 C to an OD600 of ~0.4-0.6. The cells were harvested and concentrated 5-fold into fresh F1 medium supplemented with 100 μg mL -1 carbenicillin, 100 μg mL -1 spectinomycin, 0.5 mM IPTG, and 1 mM fatty acid (hexanoic acid or 5-hexenoic acid). After 40 hr of growth at 20 °C, cell-free supernatants were used for subsequent plate-reader fluorescence measurements or extracted with ethyl acetate for LC-HRMS analysis. To monitor the alkyne titers in the cultures, we collected cell-free supernatants every a few hours during fermentation for subsequent fluorogenic assays. For directed evolution, BAP1 library were grown in 96-well plates. Each well contained 1 ml of LB medium supplemented with 100 μg mL -1 carbenicillin and 100 μg mL -1 spectinomycin. When cultures were grown at 37 C to an OD600 of ~0.4, the cell pellets were separated from LB medium and suspended in 200 μL F1 medium supplemented with 100 μg mL -1 carbenicillin, 100 μg mL -1 spectinomycin, 0.5 mM IPTG, and 1 mM 5-hexenoic acid. After ~2 days of growth at 20 °C, cell-free supernatants were separated from cell pellets, and were transferred to 96-well black plates for subsequent plate-reader fluorescence measurements.
Preparation of membrane fractions of the engineered E.coli. Membrane fractions were prepared using a standard protocol 2 .
Plate-Reader Fluorescence Measurements. Reactions were run in a 96-well black plate, and measurements were performed using a Tecan Safire Microplate Reader. Each well had 200 μL of sample containing 0.75 μM of probe, 5 mM ascorbic acid, 500 μM CuSO4, 100 μM BTTAA, and 190 μL of cultures. The reactions were performed in dark for 10 min at room temperature. For linear detection range determination, different concentrations of 4 (0.75, 3, 10 μM) and alkynes, and similar conditions were used.
LC-HRMS Analysis. LC-HRMS was performed on an Agilent Technologies 6520 Accurate
Mass QTOF LC-MS with an Agilent Eclipse Plus C18 column (4.6 × 100 mm). A linear gradient of 2-95% CH3CN (v/v) over 20 min and 95% CH3CN for a further 5 min in H2O supplemented with 0.1% (v/v) formic acid at a flow rate of 0.5 mL min -1 was used.
Sequence Alignment Analysis. Amino acid sequence alignment of JamB, CamB, and TtuB was performed using on-line program Clustal Omega.
Protein Structure Modeling and docking. Protein structures of JamB, JamC were modeled using on-line program HHpred 3 using SCD1 4, 5 and CurA 6 (Protein Data Bank entry 4ZYO/4YMK and 2LIU, respectively). JamC was then docked to the electro-positive surface of JamB near the substrate entrance using ClusPro 7, 8 .
Supplementary Tables   Table S1 . pETDuet-1 Coexpression of JamC and JamB-M5I pXZ168 pETDuet-1 Coexpression of JamC and JamB-V189A pXZ169 pETDuet-1 Coexpression of JamC and JamB-K250N pXZ204 pETDuet-1 Coexpression of JamC and JamB-M5K pXZ205 pETDuet-1 Coexpression of JamC and JamB-M5E pXZ206 pETDuet-1 Coexpression of JamC and JamB-M5T pXZ207 pETDuet-1 Coexpression of JamC and JamB-M5C pXZ208 pETDuet-1 Coexpression of JamC and JamB-M5F pXZ209 pETDuet-1 Coexpression of JamC and JamB-M5A pXZ210 pETDuet-1 Coexpression of JamC and JamB-I23K pXZ211 pETDuet-1 Coexpression of JamC and JamB-I23E pXZ212 pETDuet-1 Coexpression of JamC and JamB-I23T pXZ213 pETDuet-1 Coexpression of JamC and JamB-I23C pXZ214 pETDuet-1 Coexpression of JamC and JamB-I23Y pXZ215 pETDuet-1 Coexpression of JamC and JamB-I23V pXZ216 pETDuet-1 Coexpression of JamC and JamB-TtuB pXZ217 pETDuet-1 Coexpression of JamC and JamB-CamB *Folds of fluorescence enhancement were calculated as the ratio of the fluorescence of XZ1 to that of the medium-only control. Figure S1 . Efficiencies in the production of 1 compared to the wild-type strain (XZ1) when all cultures were fed with hexanoic acid. ) showed that compared to the wild type, the ratios between compounds 1 and 2 were increased by ~20-fold and ~2-fold from the strains expressing JamB-M5T and JamB-I23M, respectively. The calculated mass with 10 ppm mass error tolerance was used. Figure S4 . Relative efficiencies in the production of 1 compared to the wild-type strain (XZ1) when all cultures were fed with hexanoic acid. The efficiency of the wild-type JamB in the production of compound 1 in XZ1 was set to be 100%. Error bars represent standard deviations from three measurements. 0   8   16   24   XZ1  XZ1_2  XZ1_4  XZ1_7  XZ1_10  XZ1_11  XZ1_12  XZ1_13  XZ1_14  XZ1_3  XZ1_15  XZ1_16  XZ1_17  XZ1_18  XZ1_19 Figure S5 . SDS-PAGE analysis of membrane fractions of the engineered E. coli. Representative SDS-PAGEs showed that JamB-M5I/V and JamB-I23M were expressed at a level comparable to the wild-type (~36 kDa). Mini-PROTEAN® gel (4-15% precast, Biorad) was used. . Sequence alignment of TtuB, CamB, and JamB. 
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